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1
UNIVERSAL JOINT ASSEMBLY

FIELD OF THE INVENTION

The present invention relates to a universal joint member
for torque transmission between two shafts in a drive mecha-
nism, especially in a vehicle, such as an aircraft or spacecraft.
The invention also provides a universal joint assembly for a
drive mechanism, and to a vehicle, especially an aircraft or
spacecraft, having at least one drive mechanism incorporat-
ing such a universal joint assembly.

BACKGROUND OF THE INVENTION

Universal joints, or “Cardan” joints as they are also known,
are typically employed in drive mechanisms for transferring
or transmitting torque from a first shaft (e.g. input shaft) to a
second shaft (e.g. output shaft), in particular where the rota-
tional axis of the two shafts are to be disposed or pitched at an
angle to one another (i.e. non-parallel shaft axes). In aeronau-
tical applications, especially in the drive mechanisms or drive
units of aircraft and spacecratt, the assembly of such universal
joints or Cardan joints is often required to be performed in
very narrow spaces, where the use oftools for performing the
assembly is often impractical. In view of known or conven-
tional universal joint configurations that need to be pre-as-
sembled on a workbench, therefore, a simple, unambiguous
and relatively fast in situ assembly of the components of such
a joint is highly desirable. In addition, such joints should
permit straight-forward visual inspection and verification of
the integrity of the joint during any maintenance operations.
Furthermore, as composite materials, and especially fibre-
reinforced polymer composite materials such as CFRP, are
gaining increased usage within the aeronautical industry, new
designs for universal joints or Cardan joints should be suit-
able for application with shafts comprised of different mate-
rials and/or of different diameters.

BRIEF SUMMARY OF THE INVENTION

It is an idea of the present invention to provide a new and
improved universal joint assembly for addressing one or more
of the issues discussed above. More particularly, it would be
desirable to provide a universal joint assembly which is quick
and easy to install in situ, especially in cramped or confined
spaces where tools are difficult to employ. It would also be
desirable to provide a universal joint assembly that is suitable
or designed for drive units or drive mechanisms that employ
light-weight composite materials, such as carbon fibre rein-
forced polymer materials.

According to one aspect, therefore, the invention provides
auniversal joint member for transmitting torque between two
shafts of a drive mechanism, the joint member comprising:

a first pivot axis for pivoting connection to a first shaft of

the drive mechanism, the first pivot axis extending sub-
stantially perpendicular to a rotational axis of the first
shaft; and

a second pivot axis for pivoting connection to a second

shaft of the drive mechanism, the second pivot axis
extending substantially perpendicular to the first pivot
axis and also extending substantially perpendicular to a
rotational axis of the second shaft;

wherein a cavity is provided through the universal joint

member for receiving a pivot pin along the second pivot
axis, wherein the pivot pin is configured to connect the
universal joint member to the second shaft.
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In an embodiment, the cavity is designed to receive the
pivot pin via an axial insertion through the joint member for
non-threaded connection to the second shaft. The pivot pin is
preferably also removable by axial withdrawal, though the
pivot pin may also be axially fastened; e.g. releasably axially
fastened in the cavity by means of a fastener, such as a clip or
circlip. In this way, the universal joint member of the inven-
tion is particularly adapted for applications where little
assembly space is available and thus, where the use of hand-
tools may be highly constrained and therefore not feasible in
practice.

In another embodiment, the cavity through the joint mem-
ber is elongate and is arranged to extend across or to intersect
the rotational axis of the second shaft. Furthermore, the cavity
preferably extends essentially fully through the universal
joint member, i.e. across a full width or diameter of the
universal joint member. In this regard, the cavity may com-
prise a through hole, such as a bore or a channel, and may be
formed by a sleeve, e.g. a cylindrical sleeve, with the through
hole preferably positioned substantially centrally in the joint
member. Because the pivot pin inserted into the cavity is
configured to connect the universal joint member to the sec-
ond shaft, the pivot pin preferably spans a width or diameter
of the second shaft within the cavity. Furthermore, the pivot
pin is preferably configured to project from opposite ends of
the elongate bore or cavity, such that the integrity of the
universal joint can be readily confirmed by visual inspection;
i.e. the ends of the pivot pin are visible at opposite ends of the
cavity.

In another embodiment, the cavity includes catch means
for engagement with the pivot pin, such that the pivot pin is
configured to be non-rotatably fixed (i.e. non-pivotally fixed)
about the second axis within the cavity with respect to the
joint member. For example, the catch means may include a
recess, such as a slot, notch, elongate hole, or shoulder,
designed to engage with a corresponding projection or pro-
trusion on the pivot pin. The pivot pin may include an insert,
such as a plug element, to activate an interaction or engage-
ment between the projection or protrusion on the pivot pin
and the catch means in the cavity. That is, insertion of the plug
element may activate or effect a locking interaction or
engagement between the pivot pin and the cavity.

In another embodiment, the universal joint member further
comprises such a pivot pin to be received within the cavity
along the second pivot axis. The pivot pin may be designed for
a form-fit within the cavity provided in the joint member and
is preferably configured to pivot about the second pivot axis
with respect to the second shaft. Preferably, the pivot pin
includes a head portion at one end thereof for seating against
an abutment surface of the second shaft. A length of the pivot
pin may be substantially greater than a length the cavity such
that the other end of the pivot pin can project beyond the
second shaft diametrically opposite the head portion. This
other end of the pivot pin may include fastening means, such
as a clip, for releasably retaining the pivot pin in the cavity. In
view of an optional form-fit within the cavity, however, it will
be appreciated that a fastening means at the distal or other end
of the pivot pin may not be absolutely necessary.

In another embodiment, the first pivot axis is formed by a
pair of stub axles. The stub axles extend outwards from the
joint member on laterally opposite sides of the cavity, and
provide pivots for a pivoting connection of the first shaft about
the first pivot axis.

According to another aspect, the present invention pro-
vides a universal joint assembly of a drive unit or drive
mechanism, the joint assembly comprising:

a first rotatable shaft;
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a second rotatable shaft; and

a universal joint member to transmit torque between the
first and second shafts, the joint member comprising: a
first pivot connection to the first shaft about a first pivot
axis, the first pivot axis extending substantially perpen-
dicular to a rotational axis of the first shaft; and a second
pivot connection to the second shaft about a second pivot
axis, the second pivot axis extending substantially per-
pendicular to the first pivot axis and substantially per-
pendicular to a rotational axis of the second shaft;

wherein the second pivot connection includes a pivot pin
that connects the universal joint member to the second
shaft, the pivot pin provided within a cavity extending
through the universal joint member along the second
pivot axis.

In an embodiment, the first shaft of the universal joint
assembly includes first attachment means at an end region
thereof for attachment with the universal joint member in the
first pivot connection. Similarly, the second shaft of the joint
assembly includes second attachment means at an end region
thereof for attachment with the universal joint member in the
second pivot connection. In this regard, the second attach-
ment means may include a recess formed or provided at an
end region of the second shaft to accommodate the universal
joint member. The second attachment means may further
include flanks, i.e. side portions, of the second shaft adjacent
or about the recess (e.g. at opposite sides thereof) which are
configured to receive the pivot pin, preferably in a non-
threaded, axially inserted pivot connection. In this way, the
universal joint member can be mounted to the second shaft
directly and intermediate mounting elements, such as flange
connections, can thereby be avoided. This, in turn, may save
weight and enhance joint reliability by reducing the number
of attachment or connection interfaces.

In another embodiment, the second attachment means
includes a pivot bearing, such as a bushing, provided in or at
each of the opposite flanks, i.e. side portions, of the second
shaft for receiving and pivotally supporting the pivot pin
when it is inserted through the cavity of the universal joint
member. In this way, the pivot pin preferably extends through
each pivot bearing.

In another embodiment, the pivot pin is configured for
removable axial insertion into the cavity through the joint
member for non-threaded connection to the second shaft. As
noted above, the universal joint member is thus particularly
adapted for use in applications where little assembly space is
available and, thus, where the use of hand-tools is highly
constrained and/or not feasible. In a particularly preferred
embodiment, the pivot pin of the second pivot connection
extends fully through or across a full width or diameter of the
universal joint member and intersects the rotational axis of
the second shaft. Furthermore, the pivot pin may extend sub-
stantially across a full width or diameter of the second shaft.

In another embodiment, the pivot pin may be configured to
pivot about the second pivot axis with respect to the second
shaft. The pivot pin is preferably non-rotatably fixed in the
cavity against pivoting about the second axis with respect to
the universal joint member. In this regard, the pivot pin may
include one or more engaging means, such as a projection or
protrusion, to engage with the cavity, so that the pivot pin is
configured to be non-rotatably (i.e. non-pivotally) fixed about
the second axis within the cavity with respect to the joint
member. For example, the cavity may include catch means in
the form of one or more slot, notch, elongate hole, or shoulder,
designed to engage with a corresponding projection or pro-
trusion on the pivot pin. As noted above, the cavity is prefer-
ably formed or defined by an elongate bore in a sleeve which
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extends through the universal joint member, e.g. a cylindrical
sleeve, and desirably located substantially centrally in the
joint member.

In another embodiment, the first pivot connection of the
universal joint member includes a pair of stub axles extending
outwards in laterally opposite directions with respect to the
cavity. The stub axles may thus be pivotally connected with
the first shaft and thereby define the first pivot axis. In this
regard, the first shaft of the universal joint assembly includes
the first attachment portion at an axial end region thereof and
desirably includes a recess for accommodating at least part of
the universal joint member. The first attachment means may
also include flanks, i.e. side portions, of the first shaft adjacent
or about the recess (e.g. at opposite sides thereof) which are
configured to receive the stub axles in a non-threaded, axially
inserted pivot connection.

With regard to operation of the universal joint assembly of
the invention (e.g. in a drive unit or drive mechanism), it will
be understood that the first shaft of the joint assembly may
operate as an input shaft, i.e. a driving shaft, while the second
shaft of the joint assembly may form an output shaft, i.e. a
driven shaft. Equally, however, it will be appreciated that this
configuration may be reversed, such that the second shaft of
the joint assembly may be the input shaft, while the first shaft
of the assembly forms the output shaft of the assembly.

According to a further aspect, the present invention pro-
vides a drive mechanism for a vehicle, especially an aircraft
or a spacecraft, wherein the drive mechanism includes a uni-
versal joint assembly according to any one of the embodi-
ments of the invention described above.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and the advantages thereof, exemplary embodiments of
the invention are explained in more detail in the following
description with reference to the accompanying drawings, in
which like reference characters designate like parts and in
which:

FIG. 1 is a perspective view of a universal joint assembly
according to an embodiment of the invention;

FIG. 2 is another perspective view of the universal joint
assembly shown in FIG. 1;

FIG. 3a is a side view of the joint assembly in FIG. 2;

FIG. 35 is a cross-sectional view of the joint assembly in
FIG. 3a taken in the direction of arrows A-A;

FIG. 4a is an end view of the joint assembly in FIG. 2;

FIG. 4b is a cross-sectional view of the joint assembly in
FIG. 4a taken in the direction of arrows B-B;

FIG. 5 is a cross-sectional perspective view of the Cardan
joint or universal joint assembly according to an embodiment
of the invention;

FIG. 6 is a detail view of the joint assembly in FIG. 5;

FIG. 7 is a schematic illustration of an aircraft in which a
universal joint according to an embodiment of the invention is
employed.

The accompanying drawings are included to provide a
further understanding of the present invention and are incor-
porated in and constitute a part of this specification. The
drawings illustrate particular embodiments of the invention
and together with the description serve to explain the prin-
ciples of the invention. Other embodiments of the invention
and many of the attendant advantages of the invention will be
readily appreciated as they become better understood with
reference to the following detailed description.

It will be appreciated that common and well understood
elements that may be useful or necessary in a commercially
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feasible embodiment are not necessarily depicted in order to
facilitate a more abstracted view of the embodiments. The
elements of the drawings are not necessarily illustrated to
scale relative to each other. It will further be appreciated that
certain actions and/or steps in an embodiment of a method
may be described or depicted in a particular order of occur-
rences while those skilled in the art will understand that such
specificity with respect to sequence is not necessarily
required. It will also be understood that the terms and expres-
sions used in the present specification have the ordinary
meaning as is accorded to such terms and expressions with
respect to their corresponding respective areas of inquiry and
study, except where specific meanings have otherwise been
set forth herein.

DETAILED DESCRIPTION

With reference firstly to FIGS. 1 and 2 of the drawings, a
universal joint assembly 1 according to an embodiment of the
invention is illustrated as part of a drive unit or drive mecha-
nism. The assembly 1 includes a first shaft S, having a rota-
tional axis A | which is connected by a universal joint member
2 to a second shaft S, having a rotational axis A,. The first
shaft S, forms an input shaft and transmits torque via the joint
member 2 to the second shaft S,, which in this instance then
forms an output shaft for further transmitting the torque
imparted to it from the first shaft S,. That is, the first shaft S,
may be a metal alloy drive shaft (e.g. of steel) of a motor in the
drive mechanism. The second shaft S,, on the other hand, may
be a fibre-reinforced polymer output shaft (e.g. of CFRP). It
will be appreciated, however, that the torque input and torque
output may be reversed without any significant impact or
effect on the configuration of the universal joint assembly 1.

As seen in drawing FIGS. 1 and 2, a distal end region E | of
the first shaft S, includes a splined fitting F,, which is non-
rotatably (i.e. substantially rigidly) embedded centrally and
axially aligned in the first shaft S, . The fitting F, has a forked
attachment means P, including a pair of laterally opposed
apertures O, that form pivot bearings for pivotal connection to
the universal joint member 2, as will be described shortly. The
second shaft S,, on the other hand, has a hollow end region E,
defining a recess R, for accommodating the universal joint
member 2, and the side portions P, of the end region E, form
part of the means for attaching the universal joint member 2 to
the second shaft S,.

With reference also now to FIGS. 3a and 35 and to FIGS.
4a and 4b of the drawings, the universal joint member 2
includes two circular stub axles 3, i.e. stub shafts, which
extend laterally outwards on opposite sides of the joint mem-
ber 2. The stub axles 3 define a first pivot axis 4 and form a first
pivot connection with the first shaft S, via the apertures,
which may be formed as openings O, in the forked attach-
ment portion P, ofthe splined fitting F, . That is, the apertures
O, respectively receive one of the stub axles 3 in the first
pivoting connection, with the first pivot axis 4 extending
substantially perpendicular to the rotational and longitudinal
axis A, of the first shaft.

The universal joint member 2 furthermore includes a cen-
tral cylindrical channel or sleeve 5 which defines a cavity 6
extending through the universal joint member 2 for receiving
a pivot pin 7, which in this case is in the form of a hollow
cylindrical bolt. The pivot pin 7 is axially inserted through the
cavity 6 in the cylindrical sleeve or channel 5, which defines
a second pivot axis 8 substantially perpendicular to the first
pivot axis 4 and substantially perpendicular to the rotational
axis A, of the second shaft S,.
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As is particularly apparent from FIGS. 2, 356 and FIG. 4a,
the universal joint member 2 is accommodated within the
hollow end region E, of the second shaft S,. As already noted
above, this hollow end region E, includes side portions, i.e.
flanks, P, for attaching the joint member 2 to the second shaft
S,. Specifically, the side portions P, include apertures, which
may be formed as openings O,, which are configured for
alignment with the cylindrical sleeve 5 and cavity 6 through
which the pivot pin 7 is inserted. Each of the apertures O,
includes a bearing, which may be formed as bushing or grom-
met 9, which preferably seals around an outer circumference
10 of the pivot pin 7. The pivot pin 7 also incorporates a head
11 at one end thereof for bearing against the respective bear-
ing, for example a bushing or grommet 9, at the side portions
P,.
As can be seen in FIG. 35, the hollow pivot pin 7 may
include an insert component, such as a plug 12, to fill or block
a central bore 13 of that pivot pin 7 and also generate a
form-fitting interaction with the universal joint member 2 to
prevent the pivot pin 7 from rotating with respect to the joint
member 2 about the second pivot axis 8. This aspect of the
joint assembly 1 in this particular embodiment is illustrated in
FIG. 4b, which shows a detail X of the interaction between the
pivot pin 7 and a part of the sleeve 5 and cavity 6 through
which that pivot pin 7 is inserted. In this regard, the pivot pin
7 may include projection elements 14, here in the form of
resilient strips or bands, which are configured to project or
protrude radially outwards upon insertion of the plug 12 into
the bore of the pivot pin formed as bolt 7, and to engage
corresponding or complementary slots, grooves or notches 15
in the sides of the cavity 6. By virtue of this interaction or
inter-engagement, the pivot pin 7 is non-rotatably or non-
pivotally received within the cavity 6 of the universal joint
member 2 with respect to the second pivot axis 8. It will be
appreciated, however, that the pivot pin 7 may nevertheless
still pivot together with the joint member 2 about the second
pivot axis 8. The insert or plug 12 is preferably of a relatively
soft or resilient material, such as plastic, and preferably seals
the central bore 13 of the pivot pin 7 against dust and grit.

It will be noted that the universal joint member 2 of the
present invention will typically be subjected to substantial
loads in use and is therefore preferably formed of a strong,
robust, and highly durable material, such as a metal alloy,
with steel being particularly preferred. Similarly, the pivot pin
7 is typically also subjected to substantial loads and is thus
desirably also formed of a robust and durable material, e.g.
preferably a metal alloy, such as steel.

With reference now to FIG. 5 and FIG. 6 of the drawings,
an alternative embodiment of a universal joint assembly 1 of
the invention is illustrated, in which the distal end region E, of
the second shaft S, is flared or enlarged to provide a suffi-
ciently sized recess R, and/or hollow attachment means P, for
housing and mounting the universal joint member 2. The
universal joint member 2 itself and the pivot pin arrangement
for mounting the joint member 2 remain essentially the same
as that shown in FIGS. 1 to 45 of the drawings. With regard to
FIG. 6, however, additional detail of a preferred pivot mount-
ing is illustrated. In this regard, it will be seen that the arrange-
ment of the sealing bearing 9 provided in the apertures O, in
the side portions P, of the second shaft S, at opposite ends of
the pivot pin 7 may comprise multiple parts, including an
outer bushing 16 with a shoulder, for example a flange 17,
seated on an inner side of the side portions P, of the second
shaft S,, an inner bushing 18 with a shoulder, for example a
flange 19, seated on an outer side of the side portions P, and
a security nut 20 and/or a circlip 21 for fastening the bolt 7
against axial removal. A sealing washer 22 may also be pro-
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vided between the joint member 2 and the bushings 16, 18
and/or between the bushings 16, 18 and the securing nut 20 or
circlip 21.

Finally, FIG. 7 of the drawings illustrates an aircraft A
having a hull or fuselage structure H and wings W, in which a
universal joint assembly 1 of the invention may, for example,
find application. The wings W typically incorporate a number
of drive mechanisms for operating wing flaps at the trailing
edge of the wings and/or ailerons or other control surfaces.
Thus, the aircraft A, and especially the wings W, may include
one or a plurality of drive mechanisms (not shown) having the
universal joint assembly 1 of the invention described above.

Although specific embodiments of the invention have been
illustrated and described herein, it will be appreciated by
those of ordinary skill in the art that a variety of alternate
and/or equivalent implementations exist. It should be appre-
ciated that the exemplary embodiment or exemplary embodi-
ments are only examples, and are not intended to limit the
scope, applicability, or configuration in any way. Rather, the
foregoing summary and detailed description will provide
those skilled in the art with a convenient road map for imple-
menting at least one exemplary embodiment, it being under-
stood that various changes may be made in the function and
arrangement of elements described in an exemplary embodi-
ment without departing from the scope as set forth in the
appended claims and their legal equivalents. Generally, this
application is intended to cover any adaptations or variations
of the specific embodiments discussed herein.

In this document, the terms “comprise”, “comprising”,
“include”, “including”, “contain”, “containing”, “have”,
“having”, and any variations thereof, are intended to be
understood in an inclusive (i.e. non-exclusive) sense, such
that the process, method, device, apparatus or system
described herein is not limited to those features or parts or
elements or steps recited but may include other elements,
features, parts or steps not expressly listed or inherent to such
process, method, article, or apparatus. Furthermore, the terms
“a” and “an” used herein are intended to be understood as
meaning one or more unless explicitly stated otherwise.
Moreover, the terms “first”, “second”, “third”, etc. are used
merely as labels, and are not intended to impose numerical
requirements on or to establish a certain ranking of impor-
tance of their objects.

The invention claimed is:

1. A universal joint member for transmitting torque
between first and second shafts of a drive mechanism, the
joint member comprising:

a first pivot axis for pivoting connection to the first shaft of
the drive mechanism, whereby the first pivot axis
extends substantially perpendicular to a rotational axis
of the first shaft; and

a second pivot axis for pivoting connection to the second
shaft of the drive mechanism, whereby the second pivot
axis extends substantially perpendicular to the first pivot
axis and substantially perpendicular to a rotational axis
of the second shaft,

wherein a cavity extends through the universal joint mem-
ber for receiving a pivot pin along the second pivot axis,
and

wherein the pivot pin is configured to connect the universal
joint member to the second shaft.

2. The universal joint member according to claim 1,
wherein the cavity through the joint member extends across
the rotational axis of the second shaft, and extends substan-
tially fully through the universal joint member.
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3. The universal joint member according to claim 1,
wherein the cavity is formed by a sleeve, such as a cylindrical
sleeve, and is located substantially centrally in the joint mem-
ber.

4. The universal joint member according to claim 1,
wherein the first pivot axis is formed by first and second stub
axles extending laterally outwards with respect to the cavity
in opposite directions.

5. The universal joint member according to claim 1,
wherein the cavity includes catch means for engagement with
complementary engaging means provided on the pivot pin,
wherein the pivot pin is configured to be non-rotatably fixed
in the cavity with respect to the joint member.

6. The universal joint member according to claim 1, com-
prising a pivot pin to be received within the cavity along the
second pivot axis, wherein the pivot pin is unthreaded and
configured to pivot about the second pivot axis with respect to
the second shaft.

7. A universal joint assembly for a drive mechanism, the
joint assembly comprising:

a first rotatable shaft;

a second rotatable shaft; and

a universal joint member configured to transmit torque
between the first and second shafts, the universal joint
member comprising:

a first pivot axis pivotally connected to the first shaft, the
first pivot axis extending essentially perpendicular to a
rotational axis of the first shaft; and

a second pivot axis pivotally connected to the second shaft,
the second pivot axis extending essentially perpendicu-
lar to the first pivot axis and essentially perpendicular to
a rotational axis of the second shatt;

wherein a pivot pin connects the joint member to the sec-
ond shaft, the pivot pin provided within a cavity that
extends through the universal joint member along the
second pivot axis.

8. The universal joint assembly according to claim 7,
wherein the second shaft comprises a hollow end region, and
wherein the universal joint member is accommodated in the
hollow end region in pivotal connection with the second shaft.

9. The universal joint assembly according to claim 7,
wherein the second shaft includes a bearing, provided at
opposite sides thereof to receive and support the pivot pin
inserted through the cavity, whereby the pivot pin extends
through each bearing.

10. The universal joint assembly according to claim 7,
wherein the pivot pin is non-rotatably fixed in the cavity with
respect to the universal joint member, and/or wherein the
pivot pint extends across the rotational axis of the second
shaft and substantially fully through the universal joint mem-
ber.

11. The universal joint assembly according to claim 7,
wherein the cavity is formed by a channel and is substantially
centrally located in the joint member.

12. The universal joint assembly according to claim 7,
wherein the universal joint member includes a pair of stub
axles extending outwards of the cavity in laterally opposite
directions, the stub axles defining the first pivot axis and being
in a pivotal connection with the first shaft.

13. The universal joint assembly according to claim 7,
wherein the pivot pin is configured to engage with catch
means in the cavity, such that the pivot pin is configured to be
non-rotatably fixed in the cavity about the second pivot axis
with respect to the joint member.

14. A drive mechanism for a vehicle, wherein the drive
mechanism includes a universal joint assembly, the joint
assembly comprising:
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a first rotatable shaft;

a second rotatable shaft; and

a universal joint member which transmits torque between
the first and second shafts, the universal joint member
comprising:

a first pivot axis pivotally connected to the first shaft, the
first pivot axis extending essentially perpendicular to a
rotational axis of the first shaft; and

a second pivot axis pivotally connected to the second shaft,
the second pivot axis extending essentially perpendicu-
lar to the first pivot axis and essentially perpendicular to
a rotational axis of the second shaft,

wherein a pivot pin connects the joint member to the sec-
ond shaft, the pivot pin provided within a cavity that
extends through the universal joint member along the
second pivot axis.

15. The universal joint assembly according to claim 11,

wherein the cavity is formed by a cylindrical channel.
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